It has long been known that there is a strict host specificity in the class of root nodule bacteria.
By means of the cross-inoculation tests several groups of Rhizobium have been distinguished, each having its own specific host plant. Meanwhile, it was pointed out by some investigators ' that the relationship between the bacteria and the host plant is not so rigorous as was previously assumed.
Consequently, the classification of Rhizobia was subjected to some confusion.
For instance, Ishizawa2~ has shown that some Rhizobia change the host plant from one to another legume, according to some internal cause of the organism and the external conditions of culturing (temperature, pH, etc.). It was the purpose of the present study to investigate the cause of such alterations in host-specificity in this group of bacteria.
In preliminary experiments it has been clearly shown that Rh. leguminosarum can produce root nodules exclusively in Pisum sativum, and Rh. phaseoli in Phaseolus vulgaris; Rh. leguminosarum never induces root nodule in Phaseolus, nor Rh. phaseoli in Pisum sativum.
It was planned to test whether it was possible to transform the host specificity of Rh. leguminosarum through treatment in the organism with DNA of Rh. phaseoli, an idea led by the instances of previous investigators working with various forms of pathogenic bacteria, such as Pneumococcus, Hemophilus, Escherichia and Shigella.
It has to be noted that a similar result in successful transformation of phage-susceptibility has also been achieved by Fukuda3-4 between B. subtilis and B. megatherium.
Materials and Methods

Test organisms:
As a donor of DNA we employed Rhizobium phaseoli, and as acceptor Rh. leguminosarum.
The former organism was isolated at the Biological Institute of Kyushu University (Faculty of Liberal Arts) at Fukuoka, the latter in our own laboratory. Preparation of DNA from the donor (Rh. phaseoli) : Rhizobium phaseoli was grown on the surface of the solid medium (Table 1) , at 28° for seven days, collected by centrifugation and washed with 0.14 M NaCI. The method preparing DNA has been outlined in Table 2 . Bacterial cells were homogenized in tef ulon homogenizer, and the homogenate treated at 0° for one day with 0.1% sodium dodecylsulf ate (pH 5.5). The resulting fluid was diluted with 1 M NaCI and centrifuged at 3,600 g for about 10 minutes.
Four volumes alcohol was added to the supernatant fluid to precipitate the DNA fraction, which was dissolved again in 1 M NaCI, and shaken vigorously with a mixture of octanol-chloroform (9:1). In order to precipitate DNA, ethanol was added to the dialyzate and the syrupy precipitate formed was collected by stirring with a fine glass rod, spread on a filter paper to remove the residual alcohol, and kept in a desiccator to preserve the biological had the maximum absorption d chi Type EPU-2A) and reacted Treatment of Rh. leguminosarum with DNA of Rh. phaseoli : The acceptor organism, Rh. leguminosarum, was cultured in a liquid medium (composition, see Table 1 ). To avoid deposition of CaCO3 during centrifugation, the culture medium was filtered through a glass-filter before inoculation.
The DNA extracted from Rh.
phaseoli was added to a fresh (eighteen hour-old) culture of Rh. leguminosarum (culturing temperature, 28°). After thirty minutes' incubation at about 28°, the suspension was centrifuged and the bacterial cells collected were resuspended in sterilized Dense water. This suspension of the DNA-treated Rh. leguminosarum was poured onto a bacteria-free sand culture of the test plant, Phaseolus vulgaris. Examination of root nodule formation : As the test plant was used Phaseolus vulgaris.
The seeds obtained at a market were washed successively with tap water and sterilized water, each time for 5 minutes, sterilized with 0.1% HgCl2 solution, washed with 70% alcohol and washed again with sterilized water.
As the base of the sand culture, we used quartz sand of ca. 2 mm diameter.
The quartz sand, contained in a porous pot, was sterilized in an autoclave for thirty minutes at a pressure of 2 atmospheres.
Three grains of the seeds were sowed in each pot soaked with sterilized water.
To test the nodule formation, the pot of Phaseolus was inoculated by pouring the suspension of the DNA-treated Rh. leguminosarum (non-treated cells of the same bacterium, in the control), onto the surface of the sand culture.
The inoculated pots were kept for twenty days in an air-conditioned room at 20° under illumination (5,500 lux) of nine hours a day. Twenty days after inoculation, the number of the root nodules formed in each plant was counted, and compared with that in the control plant inoculated with untreated Rh. leguminosarum.
Results and Discussion
The results of the experiments are summarized in Table 3 . From the left columns of the table, we can see that root nodules were formed in 35 out of 132 plants tested (in average 26%), while in the control, (right columns), as expected, no root nodule was discovered.
In total, 99 root nodules were formed in these thirty five plants with positive results, amounting to an average of about 3 nodules per plant. Table 3 . Root nodule formation in young root of Phaseolus inoculated with Rhizobium leguminosarum which had been treated with the DNA extracted from Rhizobium phaseoli.
We may therefore conclude that the DNA-treated Rh. leguminosarum has acquired the capacity of inducing root nodules on the root of Phaseolus vulgaris, indicating a transformation of bacterium with respect to its host-specificity by means of the DNAtreatment.
An evidence for the role of DNA as an active principle in the above experiment was furnished by the result of an experiment in which the DNA-extract had been subjected to DNase action before application to the acceptor organism.
To a liquid culture of Rh. leguminosarum (50 mg in cell dry weight) was added 1 mg of DNase (Crystallized, Worthington Biochemical Corp. ), together with ca. 15 mg of DNA prepared from Rh. phaseoli.
After three hours of incubation at 20° in distilled water, or 28° in MgSO4 solution, the bacterial cells were collected by centrifugation and washed with water, and poured onto the pot of Phaseolus vulgaris as described above.
In this case no root nodule was discovered on examination of fifteen inoculated Phaseolus plants after 20 days of inoculation (Table 4 ). This clearly indicates the decomposition of the active principle, DNA, through the action of DNase added. The inactivation of the active DNA also occurred on heating.
The active preparation of DNA prepared as above was heated in a water bath at 100° for thirty minutes.
Immediately after cooling, it was added to a liquid culture of Rh. leguminosarum and an inoculation test was carried out as stated above. The result was negative, but only in one out of 28 plants tested, in which four small root nodules were formed (Table 5 ).
In conclusion, it will be inferred that DNA of Rh. phaseoli has the power of transforming Rh. leguminosarum with respect to its capacity for inducing root nodules on Phaseolus plant, a capacity lacking in the original strain of the bacterium used. The transformed bacteria which were isolated from the root nodule of the test plant (Phaseolus) can induce root nodules both in Phaseolus and Pisum.
The transformed bacterium retained its acquired character (i. e. root nodule formation in Phaseolus root) through successive culturing for one and a half year since the autumn of 1961. The changes induced by the DNA-treatment, including morphological (electron microscopic), metabolic (f ermentational) modifications of the DNA-treated bacterium and the details of the successive culturing will be reported in a subsequent paper of this series of study.
Summary
Evidence for a DNA-mediated interspecific transformation of a root nodule bacterium, Rhizobium leguminosarum with respect to its host-specificity was obtained. The treatment of the bacterium with the DNA extracted from Rh. phaseoli was shown to make the acceptor (Rh. leguminosarum) capable of forming root nodules on Phaseolus plant, a capacity initially lacking in this organism (Rh. leguminosarum). That DNA of Rh. phaseoli is the active principle operative in this transformation is indicated by the fact that the treatment of the active DNA-extract with DNase destroys the transforming activity in question.
Boiling of the DNA-extract also destroys its activity.
